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METHOD AND APPARATUS FOR AN IMPROVED SAMPT l? 

CAPTURE DEVICE LE 

5 ' 

BACKGROUND OF THE INVENTION 
Wing devices are known in the medical healt h-care vtoA^. a 
^^°I»o^^ 

Early Methods of lancing indnded piercing or slicinp th. • 

15 against fte skin and m,,t, • ., - ' 6 J£Ulcet ^ device may be held 

Unfortunately.ftepainassociatedwith.achlandngeve^^ - 
discourages nai.Vt^r , - " g known technology 

Otherwise milki. • ' ' ° 01 ,ance1 which would be spontaneous, 

uwerwse nnhang ,s reqmred to yield blood. Mechanic-,! ln» u 

methods to actuate .he lancet. JI W0U,d be de ^ble to find improved 
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As lancing devices have become jtiore advanced, so have the sensors used to 
measure the glucose levels in the blood samples; These analyte sensorsnow operate 
using increasing lower volumes of blood sample. Some of these analyte sensors are . 
designed for use with lancing devices that create smaller wounds, which is beneficial in 
that there is less pain and tissue damage, but also provide less Triood to work with. As the 
required amount of blood decreases, it becomes increasing important to guide the ever 
shrinking volumes of blood towards the sensor in an efficient manner that does not waste 
the small volumes of blood. At low volumes, it is desirable to regulate fluid flow so that 
the small amounts of fluid are not wasted on surfaces that do not provide an analyte 
measurement. 

A still further problem concerns the possible inability to guarantee blood flow 
from the finger lancet wound to the sensor port located on the disposable cartridge. The 
problem might be the invariability of the blood volume from the lancet wound, otherwise 
known as the shape, and size of the droplet. There have been stated solutions such as the 
delivery of the lancet ttfthe finger with a deepeT penetration depth or a programmed 
controlled "lancei-irMhe^finger" dwell time to sustain the size of the wound, which 
allows more blood to be produced from the wound. However, each might possibly result 
in a compromise on the degree of pain or sensation felt by the patient. 

In some embodiments, a capillary may be co-located with the lancet. In order to 
get the blood into the capillary, several variables (lateral movement or other variation) 
come into play. Unless the blood droplet is directly centered on the capillary, there may 
be difficulty transporting enough blood to the analyte detecting member. For example, if 
there is any type of lateral movement or if the blood does not fall into the capillary rube, it 
can smear on the side wall. With an integrated sampling configuration where it maybe 
difficult to visualize where the blood or body fluid is going, there may be no way for the 
subject to rectify the situation by milking the finger to get a larger droplet and increase 
the potential of getting the blood in. 

the design of these improved medical devices has also challenged engineers to 
come up with more efficient methods of design. With macroscopic devices, such as 
conventionalblood chemistry analyzers or flow cytometers, it is usually possible during 
the development phase to mount flow sensors, temperature probes, and optical detectors 
at various positions along ihe instrument pathway to experimentally determine the 
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SUMMARY OF THE INVENTION 
Tlepresentmve^onpTovide^oJuUonsforatleastsomeofth^ u 

^ used „ common whh Che, surface .regents such as coatiags T JL» „ 

20 ^tainprepenr.ax.ex.lsoJution. oatlD ^ Textunag, however, 
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Embodiments of the present invention provide solutions to a problem, which 
concerns the possible inability to guaranteed a stable blood volume from a finger lancet 
wound to a sensor port located on a disposable cartridge. The problem might be due to 
shallowness of the lancet penetration depth, skin surface tension issues, or the patient's 

5 vascular conditions resulting in the invariability in achieving an adequate blood droplet 
shape and size. There have been other stated solutions such as the delivery of the lancet to 
the finger with a deeper penetration depth or a control method to increase the amount of 
blood to be produced lrom the wound. 

In one embodiment, this invention produces a concept of a capillary need for the 

1 0 blood to travel directly from the wound to the sensor port on the cartridge. Thus the. 
volume of blood produced at the wound site irregardless of its droplet geometry can be 
completely transported to the analyte detecting member. 

In a still further aspect, the present invention provides solutions for at least some 
of the drawbacks discussed above. Specifically, some embodiments of the present 

15 invention provide an improved, integrated fluid sampling device. To improve device 
integration, devices and methods for connecting sensor regions to contact pad regions, 
may be provided. One of the problems involves getting electrical contact with the leads 
connected to electrodes coupled to the sensor regions. At least some of these and other 
objectives described herein will be met by embodiments of the present invention. 

20 In yet anoiher aspect^ the technical field of the invention relates to thick film 

conductor depositions for the purpose of providing sensory device placement, signal 
conduction, and isolation from environments detrimental to the sensory device storage 
and integrity prior to utilization: 

In one embodiment, the present invention provides solutions for at least some of 

25 the drawbacks discussed above. The invention relates to the electronically controlled 
actuation of a lancet to create a wound for the collection of a blood sample for analysis. 
Specifically, some embodiments of the present invention, provide an improved fluid 
sampling device. Because of the obtain spontaneous blood generation ina relatively 
painless manner, the ability to move the penetrating member at a high, yet controllable 

30 velocity is of ^interest At least some of these and other objectives described herein will 
be met by embodiments of the present invention. 
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d,.,,^^,,^^ The technical field 1 ^ ^ some of the 

2° Embodiments of the m „ * • ' • ° oaimen « s <* *e present mvention, 

based biosensor! P.. r.K ". cs,gn m,es «>r dispersed-phase- 

'^ors-Furtbennore, various pieees of hardware as wej] as emhoH" , 
^cosedetectingme^beraredisclosed. ^bodnnents of a 

The system may further comprise means for cbunlinp tv. P *■ 
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The dep,b of penetration may be about 500 to 750 micros. 
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The depth of penetration may be, in this nonhmiting example, no moie than about 
j 000 microns beyond a stratum comeum thickness of a skin surface. 

The depth of penetration may be no more than about 500 microns beyond a 
stratum comeum thickness of a skin surface. ... 
5 The depth of penetration may be no more than about 300 microns beyond a 

stratum comeum Sickness of a skin surface. 

The depth of penetration may be less than a sum of a stratum comeum thickness 
of a skin surface and 400 microns. ; 

The penetrating member sensor may be further configured to control velocity of a 
10 penetrating member. 

The active penetrating member may move along a substantially linear path into 

the tissue. 

The active penetrating member may move along an at least partially curved path 

into the tissue. . 
15 The driver may be a voice coil drive force generator. 

The driver may be.a rotary voice coil drive force generator. 
The penetrating member sensor may be coupled to a processor with control 
instructions for the penetrating member driver. 

The processor may include a memory for storage and retrieval of a set of 
20 penetrating member profiles utilized with the penetrating member driver. 

The. processor may be utilized to monitor position and speed of a penetrating 
member as the penetrating member moves in a first direction. 

The processor may be utilized to adjust an application of force to a penetrating 
member to achieve a desired speed of the penetrating member. 
25. The processor may be utilized to adjust an application of force to a penetrating 

member when the penetrating member contacts a target tissue so that the penetrating 
member penetrates the target tissue within a desired range of speed. 

The processor may be utilized to monitor position and speed of a penetrating 
member as the penetrating member moves in the first direction toward a target tissue, 

30 wherein the application of a launching force to the penetrating member is controlled 
* ... 
based on position and speed of the penetrating member. 
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inftefced^ th e ,ar g etti SSU eat 

^ average velodty of Ihepenetrating member during a ■ 

.nthef.stdareco^aybeabout ,00toabout i 000 times greater than theavera.e 
veJocity^^ 

appor^r^^ 80 ^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

andanajyte detectmg l ayer according to the present Mention. 

Figure Zshows a close-up view of one portion of the cartridge of Figure 1 
Figures 3A-3H show examples of geometries for texturing, formations 
Frgure 4 shows a perspective view of a ring of analyte detecting members that 
may have texturing. 

figure 5 shows another embodiment of the present invention with texturing 
^showsa ofthepresent 
uivention with texturing. 

figure 8 shows perspective views of a fluid sampling device and a cartridgefor 
use wjth such a device. '"g^ior 

figure^shows a Cose-up view of one embodiment of a cartridge using mesh. 
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Figures 10^14 show other views of embodiments of mesh for use with the present 
invention. 

' Figure 1 5 shows one embodiment of electrical contacts and leads for use with the 
present invention. 

5 Figure 1 6 shows one embodiment of the present invention with contact pads for 

nse with commutators. 

Figure 1 7 shows an exploded view of a cartridge with an analyte detecting 
member layer. 

Figure 1 8 shows a perspective view of one embodiment of the present invention 
10 for use with commutators on the inner diameter of the cartridge. 

Figure 1 9 shows a cross-sectional view of one embodiment of the present 
invention. 

Figure 20 shows yet another emtodimerit of the present invention. 
Figures 21-22 show side views of actuators according to the present invention; 
15 Figures 23A-23B show two different embodiments of actuators according to the 

present invention. 

; Figure 24 is a schematic for determining position for an actuator according to the 
present invention. 

Figures 25 A-25D show penetrating member velocity profiles. 
20 Figure 26 is a schematic showing one embodiment of feedback control for a 

penetrating member. 

Figures 27 A and 27B are perspective views of a fluid sampling device and a 
cartridge for use with such a device. 

Figure 28 is a diagram showing the analyte detecting member as modeled after 
25 initiaJxontact of the member and the fluid sample. 

Figures 29a and 29b are charts snowing reaction rales of enzyme reactions oh the 
sample-sensor interface. 

Figure 30a and 30b are charts showing concentrations profile of enzymes along 
the sample-sensor interface. 
30 Figure 3 1 a through 31c are charts showing concentrations of reactants along the 

sample-sensor interface. 
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be present, and, thus, the description includes structures wherein a device possesses the 
analysis feature and structures wherein the analysis feature is not present. 

Figure 1 shows one embodiment of a radial cartridge 20. The cartridge 20 may 
include a sterility barrier 22 and a substrate 24 having a plurality of analyte detecting 
5 members 26. In this embodiment, the cartridge 20 is designed so that blood will enter the 
fluid chamber 30 and be held there for analysis. . 

Referring now to Figure 2, a close up view of one embodiment of the sample 
chamber 30 is shown. As discussed, it is often desirable to have a hydrophjlic surface in 
. certain areas when trying to create fluid flow. However, as seen in Figure 2, having a flat 
10 surface that is hydrophilic may cause the fluid sample 32 to spread all over the sample 
chamber 30. 

In one embodiment of the present invention, surface texturing may be used to 
address the issue. Although not limited to the following, texturing may also be combined 
with chemical surface treatments or other surface treatments. To design the texture, one 

15 may need to account for the surface tension (contact angle), the bulk properties (density, 
etc.) and surface flow. Since the volumes that the present Invention deals with may be, 
as a nonlimiting example, in the area of about 250-5 OOnl, just having blood flow around, 
is something that the device cannot afford. It is desired that the fluid flow be a shaped 
flow, because at low volumes, the fluid cannot be wasted on errant flows. 

20 At low volumes, there is no conservation, and the blood goes everywhere. For 

one nonlimiting example where it is desired that the blood or fluid goes into a tube. 
However, the preferential j>ath is the surface and until the tube fills completely and 
creates a pressure differential, the blood is not all going in there. The blood could try to 
pull but the fluid could "break" and then not all of the blood is pulled into the tube and 

25 into the device for measurement. 

In one embodiment, the present invention essentially involves texturing to direct 

the flow. For example and not limitation, the texturing may be on the cartridge 20 or it 

may be along fluid paths formed by the cartridge 20. This is one solution for tubular 

designs (i.e. capillary tube). Playing with the flow equation allows for designing of the 

30 texturing, but meshes are different animals since they create increased swface area. The 
* 

tubular problem* such as guiding fluid into a sensor area or a capillary tube involves 
positioning the fluid to engage the capillary. In one embodiment, a single material is 
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embodiments, there could be gaps in the texturing so that fluid and directed in certain 
directions. 

Types of texturing includes but is not limited to lumpy, bumpy (just texturing) 
round dots, square dots, etc... Texturing may be formed by any variety of techniques 
5 including but not limited to aiming a plasma beam to create the texturing; sacrificial 
foam/hot press embossing; chemical texturing, combinations of the above, and other - ■ 
. techniques as known in the art 

Referring now to Figure 4, one embodiment of a ring 60 for use with a cartridge 
such as that shown in Figure 1, will now be described. This embodiment of a ring 60 
1 0 having a plurality of analyte detecting members 62 is shown. For example and not 
limitation, the ring 60 may be formed a linear tape of analyte detecting member 62 
formed into a circular configuration. The analyte detecting member 62 may include an 
aperture 64 to allow for a penetrating member (not shown) to pass through to perjetrate 
tissue. In the present embodiment, the analyte detecting member 62 may have three 
15 electrodes 68, 70, and 72. The electrodes are coupled to the appropriate electrical 

contacts 74. The present invention may also include texturing 40 on the analyte detecting 
member 62. 

It should be understood that in some embodiments, the linear tape of analyte 
detecting members 62 may be "folded" in a reverse manner so that the outer surface 80 of 

20 the ring 62 will now be the inner surface (or inner diameter) of the ring 62. Thus the 

leads 74 will be on the inner surface and the plain backing 82 will now face outward. In 
such a configuration, the backing 82 would now have the texturing as shown in Figures 
3A-3H. Having this reverse configuration allows the electrodes to be on the side of the 
analyte detecting member that first receives body fluid as indicated by arrow 1 23 4. The 

25 embodiment of Figure 4 may also be formed or attached to the outer circumferential 
surface of the cartridge. 

Referring to Figure 4, the orientation of the analyte detecting members 62 is 
orthogonal to the orientation of the penetrating member. The penetrating member moves 
through the aperture 64, through a Sample capture port (not shown) to pierce into the skin 

30 or tissue and retract. In one embodiment, the blood sample may move by capillary or 
wicking actioh across the electrodes 68, 70, and/or 72. There may be wicking material 
used on all or part of the sample capture or transport area. The sample volume for this 
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include texturing 48 around the electrodes 108 or a larger area of texturing 40 that 
surrounds all the electrodes at once (not shown). 
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Jn another embodiment, the mesh 1 20 would reduce the amount of 
micropositioning used to assure that the droplet of body fluid gets to the analyte detecting 
member. The potential volume required by the analyte detecting member could be 
reduced by reducing the amount of blood or body fluid that spontaneously rises to the 
5 surface of the skin that is either not removed from the skin once the surface tension is 
released in a traditional, microfluidics methods. Traditional microfmidics could also have 
a higher volume required to get the blood to the sample chamber. 

Referring now to Figure 10, it should be understood that the mesh may be 
configured to a variety of geometries. The mesh 1 20 could be fabricated as a ring as seen 
10 in Figure 7 and then heat sealed into the analyte detecting member. The heat sealing 
should not effect the integrity of analyte detecting member. By example and limitation, 
the mesh 120 may also be used to cover at least one or more electrodes 63, 70, and 72 
used in the device of Figure 4. In some embodiments, the mesh 120 may also be used to 
coyer the aperture 64. 

15 As seen in Figure 11, the mesh 120 may be configured so that a . blood droplet 160 

that hits the mesh 120 will be drawn toward the analyte detecting member 1 50 as 
indicated by arrow 1 62, due to the length of the mesh 120 which is extended down to the 
member 1 50. As seen in Figure 1 0, which is a top down view, the mesh 120 has portions 
1 64 which may be extended down towards the member 150. 

20 In one embodiment, a capillary mesh may be used that basically allows the lancet 

to fire through or the lancet can come around or through a lancet aperture in the mesh. 
The mesh in one embodiment may be a hydrophilic mesh that would then allow the blood 
to be absorbed, in this embodiment, once the droplet is built up on skin. With mesh, it . 
does not matter where the droplet hits it. With a certain volume, there is enough bjood to 

25 coat the mesh and coat the analyte detecting member, thus creating a better solution for 
integrated analyte detecting member. 

Figure 12 shows one embodiment where the force of the penetrating member 140 
impacting the mesh 120 flattens it out and pushes it against the skin. In this particular 
embodiment of mesh 120, the mesh 120 is pliable enough to. allow relaxation. 

30 One issue associated with the present invention may be getting the analyte 

detecting member close enough to the lancet. In many embodiments, the radial axis of 
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along the disc (between ID and OD); A commutator pickup may be used to make 
electrical contact In one embodiment, a million insertion point probe may be used that is 
spring-loaded into the door or housing of the device. Other embodiments, byway of 
example and not limitation, may use gold plated sheet metal probes that are bent up. As 

5 the disc-shaped cartridge rotates, the next chamber rotates right in line with the contacts. 

Referring now to Figure 1 8, one embodiment of the present invention could use a 
commutator 200 to engage the electrode leads 202. The commutator 200 may be spring 
loaded to better engage the leads. As the cartridge rotates as indicated by arrows 204, 
those lead from electrodes in the active regions come in contact with the commutator 200. 

0 Referring back to Figure 16, it can be sent that commutators 200 may be positioned to 
engage contact pads from the leads, where the pads 230 are not positioned in the inner 
diameter of the cartridge. The pads 230 may be on the underside, side, or somewhere 
along the length of the cartridge. It should be understood that a variety of commutators . 
200 are shown in Figure 18. The device may have one set of commutators or it may have 

5 multiple sets. Theymay all have the same orientation or combinations of orientations. 
Figure ] 8 shows side by side, Vertical, and spring based versions. These are purely 
exemplary, and are noitfimiting. • *' 

Referring now to Figure 19, other embodiments may have the commutators on the 

outer diameter of the cartridge. Figure 19 shows a cross-section of yet another 
embodiment of the present invention will now be described. Figure 1 9 shows a cartridge 
20 with a penetrating member 102. In one embodiment, a ring portion 270 is coupled to 
the cartridge 20. In some embodiments, the ring portion 270 may be integrally formed 
with the cartridge 20. In other embodiments, the two portions are integrally joined to 
form a single integral unit. The joining may occur by adhesive*, bonding, heat bonding, 
interlocking coupling, or other methods. This may facilitate manufacture of parts fliat - 
may use different sterilization metiiods. An opening 273 may be provided to allow any 
sterility seals on the cartridge 20 to be opened. A punch or other mechanism may extend 
down through the opening 273 to piece the seal and clear it from the path of the 
penetrating member 102. 

As seen in Figure 1 9, an analyte detecting member 275 may be housed in the 
portion 270. The analyte delecting member 275 may be similar to embodiments shown hi 
Figures 1 1 0-1 12. A groove 1330 in the portion 2?0 may be formed to hold the member 
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Referring now to Figure 21,an embodiment of the present invention using an 
elastonieric actuator will now be described. The present invention consists of an 
electronic actuator 300 consisting of a soil elastomer sheet 302 with electrodes 304 : 
applied to the opposing large surfaces. The geometry created is that of a capacitor. When 
5 electrical.potential is applied to the electrodes, electrostatic forces attract the electrodes 
toward each other. As seen in Figure 22, the intervening soft elastomer is displaced by 
the electrodes, lengthening the elastomer. This displaced material 310 acts to elongate 
-. the elastomer/electrode assembly. Because the elastomer grows in length, it is desirabie 
in one embodiment to construct the electrodes from a compliant material, such as carbon- 
10 loaded silicone (SRI patent), so they can conform to the elongated elastomer. 

It has been observed that pre-strelching 'the elastomer (SRI) improves resistance to 
dielectric breakdown, and an extension of the operating voltage range. The actuator 
embodiment shown in Figure 23A consists of a rigid frame 3 12 with a clamp 31 4 at one 
end to hold the elastomer: At the other end of the frame a guide bearing holds an actuator 
15 shaft that is clamped to the other end ofthe elastomer 316. A pre-stretch spring 318 

tensions the elastomer; A controlled voltage source 319 applies actuating voltage to the 
electrodes on the elastomer. 

A second style of actuator shown in Figure 23B consists of a pre-tensioned 
diaphragm 330 stretched over a chamber. In this embodiment, an actuator shaft 332 is 
20 attached to the center of the diaphragm 330, and may be guided by a bearing (not shown) 
if needed. Electrodes applied to the diaphragm 330 cause it to expand. To shape the 
diaphragm, and direct the resulting motion, a bias pressure from a source 334is applied 
behind the diaphragm. The same function can be achieved by adding a bias spring to the 
actuation shaft. . 

Referring now to Figure 24, one component of an actualor system is position 
feedback. A position signal can be obtained from an elastomeric actuator by measuring 
the capacitance of the actuator 330 (or 316). This can be accomplished by imposing a 
sine wave, or pulse signal 320 onto the DC drive voltage. The current resulting from this 
sensing signal is a measure of the capacitance of the actuator, and hence the deflection of 
the electrode plates. 

As seenln Figures 25 and 26, a variety of feedback systems and velocity profiles 
may be used to control the motion provided by actuator 330 or 316. As discussed above, 
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customized the profile, the processor 360 is ready to modulate the power from the power 
supply 366 to "the penetrating member driver 368 through an amplifier 370. The 
processor 360 may measure the location of the penetrating member 372 using a position 
sensing mechanism 374 through an analog to digital converter 376 linear encoder or other 
5 such transducer Examples of position sensing mechanisms have been described in the 
embodiments above arid may be found in the specification for commonly assigned, 
copending U.S. Patent Application Ser. No. 1 0/127,395, (Attorney Docket No. 381 87- 
2551) filed April 19, 2002 and previously incorporated herein. The processor 360 
calculates the movement of the penetrating member by comparing the actual profile of the 

10 penetrating member to the predetermined profile. The processor 360 modulates the 

power to the penetrating member driver 368 through a signal generator 378, which may 
control the amplifier 370 so that the actual velocity profile of the penetrating member 
does not exceed the predetermined profile by more than a preset error limit. The error 
limit is the accuracy in the control of the penetrating member. 

15 After the lancing event, the processor 360 can allow the user to rank the results of 

the lancing event. The processor 360 stores these results and constructs a database 80> for 
the individual user. Using the database 379, the processor 360 calculates the profile traits 
such as degree of painlessness, success rate, and blood volume for various profiles 362 
depending on user input information 364 to optimize the profile to the individual user for 

20 subsequent lancing cycles. These profile traits depend on the characteristic phases of 
penetrating member advancement and retraction. The processor 360 uses these 
calculations to optimize profiles 362 for each user. In addition to user input information 
364, an internal clock allows storage in the database 379 of information such as the time 
of day to generate a time stamp for the lancing event and the, time between lancing events 

25 to anticipate the user's diurnal needs. The database stores information and statistics for 
each user and each profile that particular user uses. 

In addition to varying the profiles, the processor 360 can be used to calculate the 
appropriate penetrating member diameter and geometry suitable to realize the blood 
volume required by the user. For example, if the user requires about 1-5 microliter 

30 volume of blood, the processor 360 may select a 200 micron diameter penetrating 

member to achieve these results. For. each class of penetrating member, both diameter 
and penetrating member tip geometry, is stored in the processor 360 to correspond with 
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Referring now to Figure 27, yet another embodiment of the present invention will 
now be discussed. Mathematical modeling of microscale processes is a uniquely useful 
alternative to the known approaches since the chemical and physical processes in the 
rnicroscale generally follow deterministic physical laws that can be accurately represented 
5 in mathematical models. Once validated by external measurements, modeling can predict 
internal behavior at any point in space and time within the microdevicej leading to new 
insights and optimization techniques, e.g., the accurate fitting of non-linear response 
junctions, optimization of system dynamics, or locatiohpf a specific region of incomplete 
reagent mixing, complete with design modifications that will remedy the problem. 
10 Many developers of microdevices utilize this very powerful approach of 

simultaneous modeling and experimentation. Microscale fluid movers have been 
developed using both linear 3 " 5 and nonlinear^ 8 modeling, even when complex fluids such 
as particle suspensions 19 * 31 are involved. Other components of microfluidic systems 12 " 17 
have benefited from this dual approach as well. 
1 5 jbe large surface-to-volume ratio characteristic of microdevices, however, 

frequently leads to unexpected behaviors. For example, microvolumes of physiological 
fluids evaporate, cool, and heat extremely rapidly and modeling is often desirable to 
accommodate, or leverage, such heat transfer and evaporation processes and their impact 
on the system. At the typical low Reynolds-number (slow flows) in microdevices, mixing 
20 is often problematic and modeling guides the design to achieve mixing requirements. 

The modeling of laminar flow is rarely an end in itself, but since the exact 
governing equations can be solved analytically in simple channels, or numerically in 
more complex channels, this produces valuable, knowledge of the flowfield and its effect 
on other important physical processes, for example the precise control of chemical - 
25 reaction rate by designing the diffusive mixing of the reactants. A multiphysics model is 
the result and is extremely useful to experimentalists tasked with sorting out the effects of 
a microdevice with complex physics. Many researchers have utilized this approach to 
develop devices for fluid constituent extraction 18 , property measurement such as pH 19 , 
viscosity 2 *, and diffusion coefficient 21 , quantitative analysis 22 , sample preparation 23 , and 
30 laminate-basedmicrofluidic devices for biomedical applications 2 
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The analyte detecting member model mathematically replicates the significant 
physical arid chemical processes taking place in the analyte detecting member and . 
sample. Figure 28 provides a simplified schematic of the most important processes. 

Prior to contact between the sample and the analyte detecting member layers, the 
5 vyhole blood sample contains red blood cells (RBCs) at a given hematocrit level and 
plasma with dissolved oxygen (bound to hemoglobin inside the RBCs and equilibrated 
with the surrounding plasma), human catalase (with no significant exchange of caialase 
between RBCs and plasma), glucose (which is the analyte), and hydrogen peroxide. In 
this embodiment, the sample is assumed to contain no GOX at this point. Other blood 
10 constituents that diffuse into the analyte detecting member layer are. not expected to have 
a significant impact on the analyte detecting member chemistry at the concentrations they 
can reach within 60 seconds after exposure. 

Prior to sample contact, the analyte detecting member membrane (dispersed- 
phase) contains a fluorescent indicator in the form of a ruthenium complex immobilized 
1 5 within microdroplets of a hydrophobic material (a sfloxane-containing polymer) thai are 
of known concentration and size distribution and embedded in a continuous hydrogel "- 1 
matrix of known water, polymer, and GOX content (see photo in Figure 28). The 
membrane additionally has an oxygen concentration in equilibrium with the atmosphere. 

When the analyte detecting member is initially exposed to the sample^ the 
20 diffusion of all species is affected by the presence of the dispersed hydrophobic droplets; 
depending on the diffusion and partition coefficient of the each diffusing species, their 
diffusion rate may be increased or decreased. GOX starts to diffuse out of the analyte . 
detecting member and into the sample at a slower rate than that of the small diffusants. As 
the glucose molecules reach the GOX molecules, they are metabolized and converted, - 
25 with the co-consumption of oxygen and production of hydrogen peroxide, to gluconic 
acid, which in turn is instantaneously and non-reversibly hydrolyzed to gluconolactone. 

In the present embodiment, the ruthenium complex (ruthenium- 
diphenylphenantroline Ru(dpp), 2+ ) in the hydrophobic microdroplets is initially in 
equilibrium with the ambient oxygen concentration, and its fluorescent lifetime is 
30 quenched to some degree. As oxygen is consumed by the GOX enzyme reaction a 
concentration gradient is generated between the hydrophobic microdroplets and the 
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segregated materials, one for each phase, requiring constant Updating of the local oxygen 
flux between them. 

.Thus, the analyte detecting member model treats the emulsion as a continuum 
with properties based on volume-fraction averages of the properties of the hydrophobic 
5 and hydrophilic phases. The volume-averaged properties include: diflusion coefficient, 
solubility, and initial concentrations of each conserved chemical species. Using oxygen 
concentration in the analyte detecting member membrane as an example, the initial . 
concentration (mM) is 

10 the effective partition coefficient is 

and the diffusion coefficient 

Do% = f A g £>02 A 9 + J Poly (1 - /Si) D02 Pvly .+'/sf &01 Si 

whexejif is the volume fraction of the emulsion that is hydrophobic phased and 
1 5 fpofy are the volume fractions of the hydrophilic phase thai are aqueous and polymer, 
respectively. The diffusion coefficients of oxygen in water, hydrogel polymer, and 
hydrophobic phase are D02A9, D02 pay, and Dqzsi- Finally, the solubilities of oxygen in 
water and hydrophobic phase at initial conditions are S02 Ag and S02 si in mfvl units. 

Solution of each constituent's conservation equation, each impacted by chemical 
20 reactions with other constituents, produces the predicted concentrations of oxygen, 

glucose, glucose oxidase, catalase, and hydrogen peroxide at every location in the analyte 
detecting member membrane and sample, as shown in the Figures 29 to 33. 

Kesults from Model and Experiment >■ 

The following sets of plots illustrate some of the informauon generated by the 
25 model and the corresponding experiment for one set of initial conditions and analyte 
detecting member parameters. In these plots we used glucose-loaded saline solutions to 
provide tightly^controlled samples. 
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Figure 33a shows a simulated calibration graph, plotted fox different times after 
initial analyte detecting membeT exposure. The analyte detecting member shows a solid 
response over the whole glucose range in less than 1 0 seconds. Figure 33b shows 
simulated response curves, plotted for different glucose concentrations. In the present 
5 embodiment, the.analyte detecting member reaches a plateau. for the high glucose level 
after less than 10 seconds, while the medium and low glucose levels show an acceptable 
response over a similar time (in Icinetic measurement mode). For reference, the normal 
range of glucose concentration in capillary blood is 3.5-6 mM The 25 mM case 
represents an extremely high, critical glucose level. In Figure 33b, the signal for even the 

1 0 high glucose level never reaches a signal of 1 00%, which would be equivalent to 

complete consumption of all oxygen present in the analyte detecting member, but rather a 
steady state value above 95%. The discrepancy is due to oxygen diffusion from the 
sample. The fact that oxygen diffusion is relatively minor is advantageous as the analyte 
det ectin g member will not be significantly sensitive to variations in oxygen 

15 concentrations in the sample. . 

Figure 34 shows test data taken with a prototype analyte detecting member - 
membrane using the same initial conditions and analyte detecting member parameters as 
supplied to the analyte detecting member model for the preceding figures. The predicted 
response (Figure 33b) agrees with the test data, especially at the higher glucose loading. 
20 The data from the prototype membrane displays some variability and a slightly reduced 
dynamic range compared to that predicted. 

The model was highly useful in the beginning of the development project to 
predict that rapid (siib-1 0 second) response was indeed possible (at. a time when the 
experiments still showed response time of minutes due to material incompatibilities that 
25 were later corrected). 

For the present embodiment, it was also discovered through modeling that GOX 
activity at concentrations higher than 3-5 mM in the analyte detecting member layer were 
highly non-linear, and that there was an inhibitory effect on GOX activity at those 
concentrations. This freed the experimental teams from trying to push the GOX 
30 concentration in*the analyte detecting member to the solubility limit. 
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A ratio of hydrophilic to hydrophobic phase of 80/20 is ideal, but this can be 
modified as Jong as GOX concentration is modified as well. Increasing the ratio has three 
effects that beneficially enhance each other and decrease analyte detecting member 
response time: (a) faster diffusion of glucose in the hydrophilic phase (there is less 
5 impenetrable hydrophobic material in the way), (b) faster removal of oxygen from the 
hydrophobic phase (because there is less stored oxygen available), and (c) a higher 
amount of GOX can be used, because there is more hydrophilic phase. 

Both layer thickness as well as the ratio of hydrophilic to hydrophobic phase will 
impact the overall fluorescence intensity that can be obtained form the analyte detecting 
10 member. 

A low hydrogel polymer fraction (a higher water content) in the hydrogel yelds 
analyte detecting members with faster response. 

Catalase contamination in the hydrogel layer converts hydrogen peroxide back 
into oxygen, thus removing half of the oxygen-consuming effect that the consumption of 
15 glucose had on the hydrophobic layer. GOX with low catalase contamination is required. 

Droplet sizes below 5 micrometers ensure oxygen diffusion inside the droplets is 
not a controlling parameter. 

While the invention has been described and illustrated with reference to certain 
particular embodiments thereof, those skilled in the art will appreciate that various 

20 adaptations, changes, modifications, substitutions, deletions, or additions of procedures 
and protocols may be made without departing from the spirit and scope of the invention. . 
For example, with any of the above embodiments, the location of the penetrating member 
drive device may be varied, relative to the penetrating members or the cartridge. With_ 
any of the above embodiments, the penetrating member tips may be uncovered during 

25 actuation (i.e. penetrating members do not pierce the penetrating member enclosure or 
protective foil during launch). With any of the above embodiments, the penetrating 
members may be a. bare penetrating member during launch. With any of the above 
embodiments, the penetrating members may be bare penetrating members prior to launch 
as this may allow for significantly tighter densities of penetrating members. In some 

30 embodiments, the penetrating members may be bent, curved, textured, shaped, or 
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thickness, the flux will also be increased. The slug may be split; two smaller slugs.may 
also be used and offset by % of a coil pitch. This allows more slugs to be approaching a 
coil where it could be accelerated. This creates more events where a slug is approaching 
a coil, creating a more efficient system. 

5 In another optional alternative embodiment, a grippex in the inner end of the 

protective cavity may hold the penetrating member during shipment and after use, 
eliminating the feature of using the foil, protective end, or other part to retain the used 
penetrating member. Some other advantages of the disclosed embodiments and features 
of additional embodiments include: same mechanism for transferring the used penetrating 

1 0 members to a storage area; a high number of penetrating members such as 25, 50, 75, 
1 00, 500, or more penetrating members may be put on a disk or cartridge; molded body 
about a lancet becomes unnecessary; manufacturing of multiple penetrating member 
devices is simplified through the use of cartridges; handling is possible of bare rods metal 
wires, without any additional structural features, to actuate them into tissue; maintaining 

1 5 extreme (better than 50 micron -lateral- and better than 20 micron vertical) precision in 
guiding; and storage system for new and used penetranngmembers, with individual , 
cavities/slots is provided. The housing of the lancing device may also be sized to be 
economically pleasing. In one embodiment, the device has a width of about 56 mm, a 
length of about 1 05 mm and a thickness of about 1 5 mm. Additionally, some 

20 embodiments of the present invention may be used with non-electrical force generators or 
drive mechanism. For example, the punch device and methods for releasing the 
penetrating members from sterile enclosures could be adapted for use with spring based 
launchers. The gripper using a frictional coupling may also be adapted for use with other 
drive technologies. 

25 Still further optional features may be included with the present invention. For 

example, with any of the above embodiments, the location of the penetrating member 
drive device may be varied, relative to the penetrating members or the cartridge. With 
any of the above embodiments, the penetrating member tips may be uncovered during 
actuation (i.e. penetrating members do not pierce the penetrating member enclosure or 

30 protective foil during launch). The penetrating members may be a bare penetrating 

member during launch. In some embodiments, the penetrating member may be a patent 
needle. The same driver may be used for advancing and retraction of the penetrating 
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any of the embodiments herein, they may be configured to provide the various velocity 
profiles described. The anaJyte detecting members may vise volumes of less than 1 
microliter, Jess than 500ril, 400nl, 300nl, 200x11, lOOnl, 75ril, 60nl, 50nl, 40nl, 30nl, 20nl, 
lOril, or less of body fluid. In some embodiments, the chamber that holds the body fluid 
5 over the electrodes is less than 1 microliter, less than 500nl, 400nl., 30Qn), 200nl, lOOnl, 
75nl, 60nl, 50nl, 40nl, 30nl, 20nl, 1 Onl, or less in volume. In still other embodiments, the 
volume of the chamber over the electrodes is less than 1 microliter, less than 500nl, 
400nl, 300nl, 200nl, 1 OOnl, 75nl, 60nl, 50nl, 40nl, 30nl, 20nl, 1 Onl, or less. Any of the . 
features set forth in the present description may be combined with any other feature of the 

10 embodiments set forth above. 

The publications discussed or cited herein are provided solely for their disclosure 
prior to the filing date of the present application. The following applications are 
incorporated herein by reference for all purposes: Sen Nos. 60/507,317, 60/507,852, 
60/507,845, 60/507,690, and 60/507,688. Nothing herein is to be construed as an 

1 5 admission that the present invention is not entitled to antedate such publication by virtue 
of prior inventioni Further, the dates of publication provided may be different from the 
actual publication dates which may need to be independently confirmed. All publications 
and applications mentioned herein are incorporated herein by reference to disclose and 
describe the structures and/or methods in connection with which the publications are 

20 cited. 

Expected variations or diiferences in the results are contemplated in accordance 
with the objects and practices of the present invention. It is intended, therefore, that the 
invention be defined by the scope of the claims which follow and that such claims be 
interpreted as broadly as is reasonable. 
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2 5 ; A body fluid sampling device comprising^ 

a single cartridge; 



a plurality of penetrating members . • , . 

a texture structure on <saiH 
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* * A body fluid sampling device COnjpjj • . 
a single cartridge; 



cartridge wherein said analyte detecting members are mounted on said ring, along with 
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3 a plurality of penetrating members coupled to said single cartridge and 

4 operatively couplable to the penetrating member driver, said penetrating members 
, 5 movable to extend radially outward from the cartridge 

6 a plurality of analyte detecting members coupled to said single cartridge, 

7 wherein at ieast one of said analyte detecting members positioned on the cartridge to 

8 receive body fluid from a wound in I the tissue created by the penetrating member when 

9 me cartridge is in an operative position; and 

jQ a plurality of mesh structures positioned to draw fluid generated by said 

11 tissue towards one of the analyte detecting members. 

1 7. . The device of claim 6 further comprising a ring around the 
2 

3 said mesh. 

j The device of claim 6 further comprising a ring around the 

2 cartridge wherein said analyte detecting members are coupled to said cartridge u^ 

3 said ring. 

1 9. The device of claim 6 further comprising a plurality of electrodes 

2 coupled to said analyte detecting member. 

I 10. The device of claim 6 wherein the mesh is a gradient mesh. 

1 11. A body fluid sampling device comprising: 

2 a support structure; 

3 a sensory material on a first side of said support structure; 

4 a conductor material coupled to me sensory material; and 

5 a commutator positioned to engage said conductor material to obtain 

6 analyte measurments. 

1 12: The device of claim 1 1 further comprising a radial cartridge, said 

2 support structure coupled to said radial cartridge. 

1 1 3. The device of claim 11 further comprising a plurality of electrodes 

2 each having said sensory material. 

■a 

] 14. A penelrating member actuator comprising: 
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